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CHAPTER-I 
INTRODUCTION 
Ecologically/ the environment is the sum 
of all external conditions and influences affecting 
the life and development of organisms. Two main 
aspects of the environment are usually considered/ 
the abiotic aspect (air/ soil/ water, minerals/ 
etc.) and biotic aspect (human, animals and plants). 
All environmental aspects and their influences on 
living organisms and the nature of the action of 
the environment pertain to those factors which exist 
as a vast complex. The whole system of interaction 
between a particular organism and its physical and 
biotic environment is the niche of that organism. 
Environmental pollution is generally referred to 
man made and directly or indirectly introduction 
through man's activity into atmosphere, hydrosphere, 
biosphere and lithosphere (Liningstone & BoykinP/ 
1962; Whiteside/ 1965; Frink, 1967; Wentz and Lee, 
1969/ etc.). 
Organic fuel burnet at thermal power 
stations contains harmful impurities which are 
ejected into the environment as gaseous and solid 
components of combustion products and adversely 
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affect the atmosphere and water and the whole 
biosphere. 
The thermal power stations use thousands 
of tons of low quality (high ash content) coal per 
day. Tall chimneys and gigantic machines emit the 
cloud of dust with fly ash and smoke containing high 
level of acid forming oxides of sulphur and toxic 
flourides and huge quantity of highly toxic cement 
particles which find easy foothold on plant leaves 
and human lungs. Infact the clean air/ clean water, 
abundant fuel wood/ fruit and timber trees, grazing 
lands have been deteriorated. 
Mining which is also a type of industry, 
involve in the extraction of minerals and ores from 
the earth. It is a vital sector of our economy just 
next ^o Agriculture. Mining help us extract costly 
resources from the earth, which we fashion into 
countless goods of our daily and industrial uses. 
Mining provides us fuels for our energy requirement, 
metals for making machines and engines, the ores 
for making chemicals and fertilizers, clay for 
making crockery, rock and stones for making building 
and jewellary. 
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Mining is therefore, considered as an 
important industry and it is necessary for any 
nation to ensure that this industry continuous to 
flourish and develop. But on the other hand mining 
activities are accompanied by a variety of environ-
mental problems. The process of environmental 
degradation which starts with the extraction of 
mineral resulting in a land degradation and addition 
of pollutants in the air and water continues even 
as the extracted mineral ores are further processed 
and developed for their ultimate use. 
The mining impact on environment can be 
broadly devided into four parts -
1. Water pollution 
2 - Air pollut ion 
3. Noise & ground vibration 
4. Despoliation of land, including land 
subsidence, land degradation and 
deforestation and bad agricultural practice. 
1. WATER POLLUTION 
Mining causes water pollution in two ways : 
a) Mining adds toxic and radioactive substance 
like selenium. Nickel, Flourine to the water 
bodies. 
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b) Mining causes discharge of acid mine waste 
into rivers. 
Mining is also responsible for changing the 
hydrology of the area in many ways, for instance 
mining may change the river coarse, and discharge/ 
thereby affecting the agriculture and flora and-
fauna of the area. Similarly/ sometime mining 
activities may lower the water table of the area. 
2. AIR POLLUTION : 
Mines causes air pollution in two ways : 
a) Adds gaseous pollutant to the air. 
b) Emits dust particles to the atmosphere. 
The harmful gaseous pollutants like Oxides 
of sulphur/ nitrogen/ carbon, etc. are originated 
in mining activity from the waste dump. 
3. DISPOILATION OF LAND : 
The land degradation effects of mining can 
be devided into three parts as discussed below : 
a) Land Subsidence : Due to underground mining 
the land surface subsides/ which not only 
cause damage to buildings and surface 
drainage but also sometimes danagers the 
highways/ water bridges and sluci^ e pipe lines. 
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b) Land Degradation : Open cast mining remove 
the topsoil and causes aeep and large excava-
tions and cuts. As such, large areas become 
unstable and enhance demand action of vegeta-
tion, causing continuous soil erosion. 
The waste dumps which are created due to 
open cast as well as underground mining could lead 
to slips and erosion if not attended and treated 
timely and properly. 
4. DEFORESTATION : 
Large scale cutting of trees from forest 
areas may some time, have to be adopted for extrac-
tion of valuable mineral deposits from those areas. 
The thick tree covers in such operations, may either 
be found directly on the area to be mined, or it 
may have to be destroyed for making approaching 
roads into the mining areas. 
Large scale of deforestation besides causing 
oxygen deficiency, drastically change the climatic 
condition like rainfall, temperature humidity of 
the area, which may result in the death of wild 
animals, livings in the forest causing imbalance 
to the natural ecology of the area. 
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CONCENTRATION AND DISPERSION OF CHEMICAL COMPOUNDS : 
The movement of chemical compounds among 
various paths through the lithosphere/ hydrosphere/ 
atmosphere/ and biosphere constitutes the 
geochemical cycle. Natural process/ such as the 
releasing of gas by volcanic activity or the 
weathering of rock and rock debries/ release 
chemical material into the environment. In addition/ 
human use may result in the release of material and 
substances leading to pollution or contamination 
of the environment, (plate 9 ) shows some of the 
paths that trace elements may take to become 
concentrated in the human body/ possibly causing 
health problems. 
RELATION BETWEEN TRACE ELEMENTS AND HEALTH : 
Every trace and other elements has a whole 
spectrum of possible effects on a particular plant 
or animal- For example selenium is toxic in 
seleniferous areas/ has no observable effect in most 
conditions/ and is beneficial to animal production 
in some areas (Table 2). 
It was recognized many years ago that the 
effects of a certain trace element on a particular 
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organism depends on the dose or concentration of 
the element. This dose dependency can be represented 
by a aose - response curve, as shown in Plate 9. 
When various concentrations of an element present 
in a biological system are plotted against effects 
on the organism/ three things are apparent. First/ 
while relatively large concentrations are toxic/ 
injurious and even lethal (D-E-F)/ trace concentra-
tions may be very beneficial or necessary for life 
(A-B). Second/ the dose response curve has two 
maxima (B-C) forming a plateau of optimal concentra-
tion and maximum benefit of life. Third/ the 
threshold concentration/ where harmful effects to 
life start/ is not at the origin (zero concentra-
tion) but varies with concentrations less than at 
point A and greater than at point D. 
Point B,C/D,E/ and F (Plate 9) are 
significant threshold concentration. Unfortunately/ 
points E and F are known only for a few substances 
for a few organism/ including people/ and the really 
important point D is all but unknown. The width of 
maximum benefit plateau (Points B,C) for a 
particular life form/ depends on the organisms 
particular physiological equilibrium. 
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PREVIOUS WORK : 
Mathur (1989) conducted a study of Khetri 
Copper Complex and took an step in the pollution 
control system in the probable areas of pollution 
in different plants have been identified, they 
declared that Khetri Copper Complex is approaching 
its target of providing pollution free atmosphere. 
According to Gengeal, R.K.; Zutshi, K. (1985) river 
vSukh and Kharkhara is bearing all the effluents 
going directly into it thus converting the river 
to a river of sorrow. 
Sreenivasan, N.S. (1980) reported/ that due 
to the mining in Khetri Copper Complex, the apex 
of depressed cone of water table lies in the mine. 
The bed rock unit is getting induced recharge from 
the Kharkhara river alluvium. The water discharged 
in the mine as a mixture of recharge water from 
alluvial and weathered units and acidic v>;aters of 
mineralized zone of bed r©ck. 
Rao et al. (1979) have analysed water and 
soil sediment samples from kali river. Water and 
soil samples showed fairly high concentration of 
lead and mercury. Copper which have been grown 
closer to river banks, showing high metal content 
with cadmium and lead. 
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Khapali et al. (1981) noticed that lead 
contents of ground water samples tapped by tube 
wells to the alluvial formation in the villages 
around Kanpur. For 50 water samples/ occurrence upto 
0.04 ppm of lead has been observed/ while the 
average content of lead comes to 0.02 ppm. Although 
the lead content is well below the maximuin 
permissible limit (0.1 ppm). Bhatia, H.R. (1989)/ 
there is some sort of pollution and it is must to 
take a strong step against the disbalance of 
ecosystem and pollution in Mathura region. 
AIMS AND OBJECTIVES : 
In order to assess the causes of environ-
mental pollutional intensity and dispersion of 
various toxicants in water the study would therefore 
include -
1) Collection of surface and subsurface water 
samples at various depths, information 
relevant to water use and to water 
pollution/ such as geology, hydrogeology, 
demography, landuse, agriculture, industries/ 
etc. 
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2) Analysis of major cations e.g. sodium/ 
Calcium/ Magnesium/ Potassium/ Anions e.g. 
carbonate/ bicarbonate/ chloride/ sulphide 
and trace elements e.g. Copper/ Cadmium/ 
Nickle/ Lead/ Zinc in water. 
3) Interpretation and elemental compositional 
behaviour in water. 
4) Pollution intensity in the basin and its 
impact on the regional environment. 
5) To carry out the critical variation of the 
ground and surface water for domestic 
supply/ irrigation and other industrial 
u ses. 
STATEMENT OF THE PROBLEM : 
In general mining activities are accompanied 
by a variety of environmental problem/ depending 
upon such factors as mining procedure local 
hydrologic conditions/ climate/ rock type 
encountered/ size of operation/ topography and many 
more inter-related factors. For example^ the 
exploration and testing stage involves considerably 
less impact than the mining and processing stage. 
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involvGS considerably less impact than the mining 
and processing stage. The environmental degrada-
tion may tend to extend beyond the excavation and 
surface plant area. For example/ streams and ground-
water may be polluted by percolated or dissolved 
sediments derived from rapidly eroding/ unprotected 
waste pits exposed to surface erosion and migrating 
g roundwater. 
Mining operation in any place cause degrada-
tion of the environment in varying degree. It is 
estimated that the total area occupied by active 
mine in the country is much les ^nan 1% of the land 
area/ even if we consider che spread effect. In 
a country like India increase in mineral produc-
tion in the year to come is inenitable to 
strengthen our economic base which include genera-
tion of additional energy/ earning of additional 
foreign exchange and employment of large number 
of public. Fortunately an awareness has now 
developed among the people to protect the environ-
ment. The government both/ state and the centre has 
exhibited concern ever the deplition of forests 
and degradation of environment due to various forms 
of human activity. 
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The distribution between the environipental 
continuation of water and pollutional effects of 
ions and heavy metals have been reported by many 
earlier workers (Protrowski & Loleman, 1990; 
Foresterner and Wilman, 1983; Moor & Raman, 1983; 
Handa, B.K. 1988; Kakkar et al. 1989; R. Prakash 
et al. 1982). 
Khetri Copper Complex (K.C.C.) is a vast 
copper producing cum metallurgical area besides 
copper extraction lead chamber process plant for 
the production of sulphuric acid and fertilizer 
production plant are also located in the same area. 
The worst polluted source of surface water, the 
Kharkrtara river, which is the main reacharging unit 
to the ground water, that receive acidified, heavy 
and toxic mine effluents from the K.C.C. mine. 
Trace elements such as cadmium, cobalt, copper, lead, 
zinc, Nickle etc., when leached from mining wastes 
and concentrated into water, soil and other animal 
who drink the water and use the soil or eat the 
plants. On the other hand constituents of the dump 
waste lying on the bank of Kharkhara (Plate 2), that 
pollute the surface and subsurface water by the 
process of oxidation and leaching of the sulphide 
containing ore waste. 
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Keeping in view of the environmental conta-
mination degradation in the water quality a 
systematic work has been conducted in and around 
the Khetri copper Complex to know the chemical and 
physical quality of the water and behaviour of the 
toxic and heavy metals causing undesirable effect 
on the human health. 
CHAPTER-II 
PHYSIOGRAPHIC SETUP 
Khetri Copper Complex (K.C.C.) a unit of 
Hindustan Copper Limited (HCL) is located in north-
east of Rajasthan (India) and extends for a 
distance of 80 km. from Singhana to Raghunathgarh. 
It is situated 180 km. away from Jaipur/ 11 km. 
from Khetri town in north-west direction/ 190 km. 
from Delhi at south-west direction at the latitude 
of 28° 06'22" N and longitude of 70° 50'22" E 
(Plate 1). The area form part of hill range with 
a highest point of 554 mts. above mean sea level 
trending NE-SW with steep slop. In between this 
range and nearly parallel hill range to the west 
runs an alluvial valley named "Kharkhara river"/ 
an aphimeral stream, flows in the valley for a 
distance of about 10 km before joining Sukh river. 
The Kharkhara river has a catchment area of about 
36 sq/km. The elevation ot the river bed is 387 
mts. on the upper reaches and 351 mts. on the lower 
r eaches. 
The whole area is covered by sand and sandy 
soil. In south-west region of the Khetri copper-
belt near Knliham sandy hills and some sanddunes 
are appeared. 
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CLIMATE : 
The climate of the region is characterized 
by extremely high range of temperature and aridity 
although sharing the characteristics monsoonal 
variation throughout the year. As a whole the 
climate is arid and hot/ some areas have been 
afforested recently. In summer season temperature 
usually exceed 40''C and commonly reach 45°C and 
are unsuitable for field work. In winter season 
maximum temp. is 25°C and minimum is A'C. The 
temperature some times falls upto 2°C. 
The temperature begins to rise sharply 
every where from March, reaches the maximum in May; 
June and remains quite high until October (Plated ). 
Rainfall is very low, highly erratic and 
variable seasonally as well as yearly. The average 
precipitation is 25 cm/year and most of it fall 
in down pour during the rainy season from July to 
October. The mean annual rainfall in the area is 
500 mm. (Plate 3). 
SOIL : 
The s o i l of t h e a r e a i s g e n e r a l l y c h a r a c -
t e r i s e d by sandy d e s e r t and r e d - d e s e r t s o i l . The 
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desert soil contains high percentage of soluble 
salts and has high pH value. Red desprt ic-soil of 
pale-brown to dark-brown colour iF good for 
cultivation/ due to very less amount of this soil 
the agricultural density is very low. 
DRAINAGE SYSTEM : 
The study area is drained by Sukh and 
Kharkhara river and their tributaries. In the 
southern part of the area, radial drainage pattern 
is observed which is developed on Bansiyal 
Protected Forest area. In general the; parallel 
to subparallel pattern is developed on steep slope 
of NE-SW trending Shekhavati hill. The drainage 
of Northern side of this hill disappear into the 
sand. Only local perinnial stream are found at 
Kharkhara and Sukh Basin. Sukh basin is represented 
by subdendritic drainage pattern (Plate 5). 
VEGETATION : 
The whole of the region is largely sandy 
and at place bare rock are exposed. Vegetal cover 
is very thin and only a few small trees can be 
observed here and there. Large areas are covered 
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with shrubs which are thorn and have a stunted 
growth. In this arid region Babul/ Accacia Senegal/ 
Prosopis spicigera and Prospis Juliflora Xhrine 
are present. Babul is one of the best fodder tree 
of this region and it grows even under arid 
climatic and sandy topographic condition. 
CLIMATIC CONDITION IN AND AROUND KHETRIMINE : 
There is a large variation in temperature 
at surface in day and night and in different 
weather. In summer the mercury rise high as 46°C 
whereas in winter it drops as low as 1°C. Also 
temperature in day and night vary by 10°C. 
Similarly the humidity during mansoon reaches ones 
10%/ whereas in summer it is less than 25%. It is 
observed that the above variation at surface 
temperature and humidity has much bearing on mine 
environment and ventilation system as a whole. 
The worst comes in monsoon months when 
"water saturated air blows" in underground working. 
The temperature at Khetri mine does not exceed the 
safe limit of 30°C. In case it touches 30°C/ steps 
are taken to contain it. These steps include 
increase in quantity of fresh air and velocity 
above 600 m/min. thereby bringing temperature low. 
CHAPTER-III 
GEOLOGY OF THE AREA 
The rock formation of the area under study 
belongs to the Delhi system of Heron (1923) and 
are younger than the Aravalli system/ both are 
highly deformed and metamorphosed. Radiomatric age 
of Delhi system is 1650 M. (Gupta, 1974). The Delhi 
supergroup is estimated to be about 7 km. thick/ 
comprises a quartzite slate succession. The lower 
part of the succession known as Alwar that is 
exposed in the Southern Part of KCB & consist of 
orthoquartzite and arkose group with minor 
argillaceous layer (Plate 6). 
The upper part of the succession known as 
Ajabgarh group which is consist of argillacious-
calcareous/ and schists. In Alwar area the two 
groups of rock formations reported by an 
intervening calcareous succession known as 
Kushalgarh limestone. The rock succession of Delhi 
Super Group has been intruded by Erinpura granite 
exposed in the south central part of the Aravalli 
mountain. 
A notable feature of this assemblage is 
a hauge . between various lithological 
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units which is a characteristic of Delhi 
supergroup. 
ALWAR GROUP : The rock of Alwar group are 
distributed unevenly throughout the northern part 
of the Aravalli range, Southward it disappears in 
the central part of the range and reappears in 
southern part. In the northern area the Alwar group 
rests over the Raialo group with an unconf ormably 
contact. In the southern area/ this secession rests 
directly over the rocks of the Aravalli group. 
Basal arkose and quartzite of Alwar group contain 
fragments of granitic rock presumably derived from 
the underlying Banded Gneissic Complex (BGC) and 
other granitic rock of the Archean Basement. In 
the type area in Northern Rajasthan the Alwar 
succession estimated to be more than 3 km. thick 
which is entirely made up of compact quartzites/ 
grits and conglomerates, with a few argillaceous 
bed and impure limestones. The succession contain 
several sill like bodies of epidiorites showing 
both the intrusive characters. 
KUSHALGARH LIMESTONE ' : The Kushalgarh usually 
banded with dark grey and black layers has an 
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impure character containing small amount of quartZ/ 
mica and some form of carbon. The limestone is 
coarse crystalline when it is highly metamorphosed. 
The succession attaining maximum thickness of about 
700 mt. contain a few horizons of braciated rocks 
known as Hornstone Braccia. Typically the braccia 
consists of angular pieces of quartz embedded in 
a fine grained matrix of ferroginous and silicious 
matter. 
AJABGARH GROUP : 
The rock of Ajabgarh group representing 
a deep water argillaceous calcareous facies vary 
in mineral composition depending upon the degree 
of metamorphism. The commonest rock type are 
splintery states and sheeny phyllitea. upper 
contacts of the Ajabgarh group is no where exposed. 
The Aravalli regions has remained a positive 
relief area of the Indian Peninsula since the end 
of the time of the deposition of the Ajabgarh group 
has been estimated to be of the same order as that 
of the Alwar group. 
GEOLOGY OF KHETRI COPPER COMPLEX : 
Major rock units in this area represented 
by metamorphosed arenaceous and argilleceous 
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sediments. These sediments has been termed as Alwar 
and Ajabgarh group which belongs to Delhi 
supergroup, of Precambrian age. Alwar group of rock 
are older and are characterised by an assemblage 
of psammitic rocks while the Ajabgarh group of rocks 
consist predominantly of pellitic sediments such 
as andalusitic schists and phyllites. 
The regional strike of formation is seen 
North-East to South- West and dip at an average 
angle of 65° towards west. There are two distinct 
lodes mainly the Madhan lode or the foot Wall lode 
and the Kudham lode or hanging wall lode. Madhan 
lode is fairly persistent in which a number of ore 
lenses of different geometry occur. The rock is 
represented by amphibole chlorite auartzite rock 
and amphibole quartzite. 
Kudhan lode is narrower and poor in copper 
content which forms the hanging wall lodes. This 
lode is conspiceous in the central block. The ore 
lenses are impersistent and rocks are characterised 
by the presence of amphibole/ magnetite and 
pyrrhotite. The sulphide distribution is highly 
erratic, mostly forming the assay contact of 
1enses. 
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GEOLOGY OF KOLIHAN COPPER MINE : 
Kolihan copper deposit forms a part of 
Khetri copper belt. The deposit has 4 krr (approx) 
of scrike length and is divided into three major 
blocks. Namely south block, central block and north 
block. The central block, having a strike length 
of 610 M, is termed as kolihan copper mine and is 
richest copper deposit so far known in this copper 
belt. Kolihan mine has estimated ore reserves of 
303 million tonnes of 1.52% average copper content. 
Rocks in and around the mine area belong to "Delhi 
supergroup, which constitute two major group, Alwar 
group of rocks and Ajabgarh group of rocks. These 
are metasediments and have been intruded by various 
igneous rocks of younger ages. Rocks of Alwar and 
Ajabgarh suits, consist of arenaceous and 
argillaceous material respectively. The general 
strike of metasedimentary rocks is N 10°E to N 25°E 
and the dip is west varying in amount from 20° to 
45° on surface and assumes gradual steepness in 
depth. 
Economic copper mineralisation has so far 
been identified in three main lodes : 
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(1) Lode-I (south lode) 
(2) Lode-II (North lode) 
(3) Lode-III (East & F/W lode). 
Lode-I and Lode-II are hosted in garnetife-
rous schistose rock and are similar in nature. 
Whereas lode-III occurs in a amphibole quartzite. 
The nature of mineralization in garnet schist is 
massive, semimassive in central portion to 
stringers, streaks and veinlets along the foliation 
planes in the outer shell portion. In amphibole 
quartzites the mineralization occurs in the form 
of dissemination and patches. Lode I and II are 
richer in copper content as compare to lode-III, 
lodes I and III are presistent but lode-ll is 
impersistent in depth. 
In all these three lodes, the sulphide 
mineralisation is essentially composed of 
chalcopyrite and pyrhotite with minor amounts of 
cubanite, pyrite and magnetii^e, 
STRUCTURAL SETTING : 
The rocks are highly folded and faulted, 
during folding and the trend of foliation and 
bedding is NE-SW dipping steeply to the west. They 
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are locally deformed to a great extent/ sheared 
and mylonized. There are minor and major 
longitudinal and transverse faults and one such 
prominent transverse fault is Khudan fault/ trend-
ing NW-SE dipping towards north and persisting to 
a great depth. There are well developed strike^ 
dip and obligue joints with dips varying from 45° 
to vertical. 
STRATIGRAPHY 
Ajabgarh Series Unit VIII: Phyllites, Schists/ 
(1,300 m) Carbon Phyllites. 
Unit VII: _ Phyllites, Schists, 
Carbon Quartzite. 
Unit VI: Phyllites, Schists Mica 
Schists 
Unit V: Marbles, Calc-gneiss, 
amphibole, Quartzite. 
Unit IV: Phyllite and schist, 
greywackes Gradational contact. 
Alwar Series Unit III: Amphibole quartiztes, 
(1,300 m) Marble. 
Unit II: Quartzite of various 
type, phyllite schists. 
Unit I: Mica schist/ Phyllite, 
G rewacke, 
Basod not exposed. 
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The rock formation present in the area 
mainly belong to the Alwar and the Ajabgarh Group o:*" 
Delhi Supergroup. Important rock types such as 
quartzite/ phyllite, various types of mica schists 
marble etc. occur widely in both the groups and 
have varying degree .of lateral extent and also 
varying thickness. The thickness of both series 
is about 1/300 m each. The study reveals that the 
Alwar rocks are essentially psammitic while the 
Ajabgarh are rich in pellites. The contact between 
two series is gradational since quartzite of Alwar 
series pass into schist of the Ajabgarh series with 
a gradual increase of micaceous minerals. The 
quartzitic rock of Alwar series have been further 
subdivided into three distinct unit, the lowest 
of which is characteristically schistose and 
phyllitic. In the northern part the top most unit 
of the Alwar series is rich in the marble and in 
Amphibole quartzite layers within the quartzite 
this top most unit is however absent in the 
central and southern part where possibly the upper 
part of unit H is equivalent to unit III. Pelitic 
rocks of the Ajabgarh series have been divided into 
following five unitS; starting from bottom to top 
which are characterised by -
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(1) UnitrlV, (2) UnitrV, (3) UnitrVI, (4) UnitrVII, 
(5) Unit:VlIl 
THE ALWAR SERIES : 
UNIT-I : This unit is characterised by 
various types of mica schistS/ phyllites and carbon 
phyllites interlayered with thin quartzites which 
are best developed in the central part and southern 
part of the belt. In northern part this is absent 
in the rock of unit I. It occurs in the area 
between senghana and Jasrapura. Heron (1923) has 
included this group of rock in the Ajabgarh series 
but Das Gupta on the basis of structural 
consideration include them in the unit of the 
Alwar series. 
UNIT-II In the northern part/ the quartzite 
of the' Alwar series are the main constituents of 
the unit. In the northern part beds of banded 
haematite quartzite occur in the basal part of the 
quartzitic group of rocks. Magnetic fills fracture 
in the haematite quartzite. The rock have been 
recorded only from the Gotro ridge. Ripple marks 
and current beddings shows that these rocks 
persistently younger westward. 
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UNIT-III : The unit serves as a marker 
horizon and characteristically occurs along the 
contact between the Alwar and Ajabgarh series/ it 
is restricted in to the northern part of the belt. 
The Alwar quartzite of unit-II grade into amphibole 
quartzite, the latter usually shows change in 
facies to marbles and amphibolites, and less 
commonly to schists rich in actinolite/ The 
amphibole quartzites are younger than the arkosic 
quartzites both structurally and stratigraphically. 
Interbedded marble layers with the quartzites also 
shows the same style of folding. In the northern 
part of Khetri the quartz rocks are so rich in 
amphiboles that they may be designated as amphibole 
quartzite and recognized as distinct unit. 
The amphibole quartzites mainly follow the 
outline of the Babai anticline and the Khetri 
anticlines, separating the arkose. Quartzites of 
unit-II and • schists of unit-IV; thus they maintain 
a constant stratigraphic position throughout the 
northern part of the belt. 
The unit is absent in the central and 
southern parts. It is followed by schists of 
unit-IV in the northern part. 
-34-
THE AJABGARH SERIES : 
UNIT-IV: This is the most predominant unit 
of the Ajabgarh series and it is mainly pelitic 
and occurs in varying dimensions in different parts 
of the belt. 
In the central part the rock is mainly 
phyllitc with a variable but high proportion of 
quartz, the grade of metamorphism is also low. In 
the eastern part however, phyllites and schists 
pass locally into sillimanite schists. Thin zones 
of carbon phyllites are interlayered with 
phyllites. 
In the southern pairt, although phyllitic 
rock are common, high grade schistose rocks rich 
in garnet, Kyanite, staurolite and sillimanite are 
prevalent. 
All these rocks occur as fairly continuous 
thick layers around the anticlines overlying the 
Alwar but the distribution of different rock types 
within a single layer varies widely, as such they 
could not be delineated in the scale of mapping 
used. 
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In the northern part the schistose rocks 
occurring as thick layers run from Singhana to 
Babai on the western limb of the Babai and Khetri 
anticlines. 
The position of the schistose rock in the 
eastern part of Khetri is anamolous because of the 
complex fold pattern. 
In the absence of primary feature their 
inter-relationship can not be established except 
in broad way on a structural basis. There are 
however, select schistose patches within the 
silicifid rocks, which can correlated with Unit-
IV of the Ajabgarh Series. 
UNIT-V : This unit overlies unit-IV of the 
Ajabgarh series but cannot be traced from one end 
of the belt to the other. This unit is rich in calc-
magnesian .constituents and is composed of the 
following members occurring to varying extent: 
actinolite or tremolite marble, dolomites 
amphibolites, calc-gneisses. These rocks occurs 
as lenses, and thick bands running laterally for 
short distances and their grading into phyllites 
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then grading into phyllites and schists of Unit-
IV and VI. 
The northern part of the area on the 
western limb of the Khetri anticlines the pelitic 
rocks adjacent to the amphibole quartzite shows 
minor thin layer of marble immediately overlying 
the schists of the basal Ajabgarh series. About 
2.5 km. south of Khetri to the west of Mandana this 
horizon occurs discontineously along its strike. 
UNIT- V-I AND VIII: In all the three part 
of the area unitvi and VIII are only locally developed 
and are recognisable wherever unit-V and VII are 
well developed, unit-VIII overlies the quartzites 
of unit-VII. Unit VI is better developed where unit 
V and VII are both present because the unit occurs 
always between these two units. The unit is 
characterised by various types of phyllites, 
schists carbon phyllites, shally phyllites etc. 
where unit-VII is absent, these two bebcome one 
and together overlies unit-V; unit V may overlies 
unit-IV and underlies unit-VI. At places where unit-V 
is absent unit-VII overlies unit-IV and underlies 
unit-VII. And when unit-V is also absent unit-IV, 
VI and VIII emerge together and are indistinguishable 
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because they are lithologically alike/ since these 
formations can be recognised only when associated 
with unit-V and VII. They could not be mapped 
separately. But their presence will be clear from 
the distribution of units-V and VII. However unit-
VIII can be clearly shown in the map on the 
northern part of the Khctri copper belt near Kalota 
where carbon phyllices overlies the Ajabgarh 
quartzite in the apical region of the main Babai 
anticline. 
UNIV-VII : In the northern part of the 
Ajabgarh rocks/ although there is considerable 
variation among schistose rockS/ the normal 
relation between the older schists and younger 
quartzites is more or less maintained over an area 
of about 20 km. The lithological features are 
constant and layers can be traced continuously over 
their entire strike length. The Ajabgarh quartzites 
are mostly preserved in synclines and also occur 
locally in narrow anticlines between two compressed 
syncline. This relation held good almost throughout 
the area. 
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The central part of the unit is represented 
by typical orthoquortzites which are overlain and 
underlain by the pelites of the unit IV, VI, VIII. 
In the southern part between Kotri and 
Khandela Gurrara the relation between the quartzite 
and pelite is normal, the quartzite are younger 
than unit-IV, V and VI. 
CHAPTER-IV 
HYDROGEOLOGICAL SETTING OF THE AREA 
Mining operation that extend below the 
water table disturb the natural hydrologic regime. 
As soon as development begins and water is removed 
from the mine/ the mine becomes the apex of a 
depressed cone in the water table causing 
convergence in the flow of water table towards the 
mine. Mining activity in Khetri copper mines is 
located at different levels below the regional 
water table of Kharkhara river valley. During the 
course of development of mines/ ground water seepage 
was encountered at different working levels below 
the regional water table. The danger of mine 
innudation by ground water was apprehended by the 
mine authorities. 
The area of investigation has a 
multiaquifer system bearing hydraulic continuity. 
The three units comprising this system are : 
(1) Alluvial unit 
(2) Weathered unit 
(3) Fractured/ faulted and sheared bed rock 
unit. 
All above units have permeability contrasts. 
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(1) ALLUVIUM : The alluvium is confined to the 
Kharkhara river bed along the narrow valley 
comprising mainly sub-angular; medium/ medium to 
coarse grained sand, gravel pabbles and boulders 
with minor salt. The maximum thickness of alluvium 
varies from 20 to 34 metres. The average saturated 
thickness varies from 15 to 20 metres. Ground water 
occurs under phreatic condition and the depth to 
water table rests within 5 to 6 metres below land 
surface. 
(2) WEATHERED UNIT : This zone underline the 
alluvium the average thickness varies from 10 to 
20 metres. In certain pockets the maximum thickness 
ranges from 40 to 70 metres. The water table rests 
within 9 metres below the land surface. Weathered 
zone being overlained by alluvium having higher 
permeability and underlain by bed rocks actually 
controls the ground water movement to the lower 
horizons. 
(3) FRACTURED, FAULTED & SHEARED BED ROCK : Rocks in 
this units include quartzites amphibolites/ 
amphibole . guartzites/ garnet chlorite quartzites 
schistS/ phyllites and Intrusives. These are highly 
sheared, brecciated, fractured, faulted and well 
-41-
jointed. The joint patterns indicate that there 
is good interconnection of openings. It was 
observed that the heavy seepage along joint and 
shears is at 180 and zero M levels. 
Ground water occur in this unit under water 
table and confined condition. This aquifer unit 
has greater areal and vertical extent. 
PRESSURE AND TEMPERATURE OF GROUND WATER : 
The pressure of discharging water from the 
underground boreholes at 300 M level varied from 
2 
20 to 31 KG/Cm calibrating the pressure readings 
the approximate head in the region ranging from 
9 to 31 metres above 300 M levels or 309 to 331 
metres above mean sea level. 
The temperature of ground water discharging 
from boreholes at 300 M level and zero M level was 
measured on the surface (375 M.a.m.s.l) was 23°Cf 
at 300 M level 28.5°C and at zero M level 34°C. 
GROUND WATER FLOW : 
The water table study indicated that ground 
water flow was from south to north confirming with 
the surface drainage of Kharkhara river. In 
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vicinity of active mine (vicinity of "Khudhan" 
fault) the general flow direction was found to be 
converging with hydraulic gradient of 4.9/100 
metres. The general hydraulic gradient of water 
table in the valley varied from 0.53 to 1.3/100 
metres. 
WATER LEVEL FLUCTUATION : 
By the study of wells at different 
locations/ it is found that the fluctuation during 
pre and post monsoon period in alluvium was 0.28 
to 0.98 metres and in weathered unit 0.72 to 1.31 
metres. However, in bed rock where was a continuous 
decline of 7 cm/day during the pre-monsoon and 1.5 
to 3 cm per day during post monsoon. 
GROUND WATER RECHARGE : 
According to the total area of aquifer the 
average rise in water level to be 1 metre and the 
average specific yield to be 12 percent, the annual 
increase in storage of ground water was estimated 
at 0.95 MOM including the draft. 
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GROUND WATER DISCHARGE t 
The discharge from the aquifers takes 
place in the mine mainly through underground 
boreholes, as seepage from the walls of service 
shaft and production shaft and along joints and 
shears at all levels in the mine. 
CHAPTER-V 
POLLUTION DUE TO MINING IN KHETRI COPPER COMPLEX 
Khetri Copper Complex is highly industrialized 
having two underground mines, besides many plants. 
These plants are mainly concentrator, slag treatment 
plant, smelter, refinery, acid and fertilizer plant. 
All these plants are rich source of different heavy 
metals which are higher than the recommended limits 
of WHO and ICMR. (Table 10, 11) 
The two underground mines are "Madhan Kudhan" and 
"Kolihan copper mine". There is one more mine called 
"Chandmari" that is open cast. The best part of this 
belt is Madhan-Kudhan block. Here a number of old 
workings are seen and there appears to have been 
considerable mining activity for copper in this 
region in the past. 
According to G.S.I, the grade of ore and the 
reserves in the different blocks of this belt are as 
follows : 
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Name of Deposits Reserve In Million Tonnes Grade of 
Proved Possible Probable Copper(7o) 
Madhan-Kudhan - 140 - 0.80 
Kolihan (Central) - - 12.31 2.40 
Kolihan (South) - - 2.63 0.90 
Kolihan (North- - - 2.90 1.00 
Central) 
The latest revised figure of the reservoir for 
the above deposits are given below : 
Name of Deposits Reserve In Million Tonnes Total Giade o? 
Proved Possible Probable Copper(" 
Madhan-Kudhan 46.2 - 46.6 92.8 1.0 
Kolihan (Central) _ _ _ 24.43 1.4 
Kolihan (South) _ _ _ 3.5 0.88 
- [G.S.I. Miscellaneous Publications No. 30, pt. XII, 
pp. 34-35 (1977)] 
Both mines are very active and producing a 
large amount of copper ^^ re. Due to extraction of ore 
minerals it creates different environmental problems 
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on surface and underground. The surface pollution 
affect the local peoples, natural vegetation, 
agriculture, flora and fauna. 
There are some agents that cause the 
surface pollution : 
(1) Waste Rock Dumping (2) Mine Water 
(3) Exhaust air from mine (4) Subsidence 
(1) WASTE ROCK DUMPING : 
The generation of waste rock at Khetri mine 
is of the order of one lakh tonnes f)er annum. 
Disposal of waste rock not only occupies the surface 
land and renders it uncul tivable, but also puts 
pressure on the existing land. 
The waste rocks are dumped in the hanging 
wall side of the mine near the Kharkhara river bank. 
The river flows parallel to the hills in the trough, 
formed by hillocks. The dump yard has been designed 
on foot hills in barren area. The plate no.2 shows 
the location of waste dump yard. A step forward in 
this direction is disposal of waste rock in 
underground itself. In this process waste rock is 
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filled in "stoped out" area i.e. the place where 
from ore has been extracted. 
(2) MINE WATER : 
In underground mine In Khetri copper 
complex there are two source of water : 
A = Water supplied from surface for drinking and 
underground operation. 
B = Water available in subsoil wich find its way in 
mine, discharge through bore holes, fissures 
and cracks etc. 
Water available from both the sources 
mentioned above are collected at centrally located 
sumps ( Plate No. 7 ) and discharged at surface by 
pumps. The mine water is consumed in concentrator 
plant. Average water discharge from mine is 4000 
M^/day. 
(3) SUBSIDENCE : 
Although there are isolated incidences of 
surface caving yet these cannot be strictly termed 
as subsidence causing any problem of pollution. The 
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occurrence of sbsidence is confined to hilltop and 
has helped in releasing the stresses generated due 
to mining operations. 
(4) EXHAUST AIR FROM MINE : 
It is estimated in Khetri Copper mine that 
as much as 14000 cu.meter per minute air is 
discharged to the surface. This air is distributed 
at three places namely (a) production shaft (b) 
North ventilation raise and (c) adit no. 6 and 3. 
These dischage have no adverse but a little impact 
on envi ronment. 
There are some other elements which are 
responsible for the creating pollutional problem due 
to underground mining : 
(1) Noxious fumes (2) Heat and Humidity 
(3) Dust (4) Noise and vibration 
(5) Water flooding 
(1) NOXIOUS FUMES : 
Noxious fumes creat the major environmental 
problem in underground mine. In the case of Khetri 
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copper mine, measures have been taken to controle 
the inbuilt pollution and to keep environment 
healthy. For this mine, ventilation system is 
planned In such a manner that it ensures : 
(a) Adequate supply of good quality air in all 
working places. 
(b) System should be efficient to contain 
temperature and humidity within limits. 
(c) Dilute noxious and toxic fumes as well as 
dust concentration. 
Mining laws stipulate certain minimum 
standards of ventilation. Some of the salient points 
are : 
(a) Oxygen content in mine air should not be 
less than 19%, heat 30°C on wet bulb, 
humidity 607o or less. 
(b) CO^, CO, methane and nltrious fumes should 
not exceed 0.5%, 50 ppm, 0.75% and 5 ppm 
respectively. 
(c) Minimum quantity of air should be 6 cubic 
metre per minute per person. 
The basic ventilation system of the mine is 
exhaust system or induced type. The air at different 
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level in coursed through oxiliary ventilation system 
where in different fans are installed. The abnoxious 
gas derived from the explosives used in blasting or 
from diesel vehicles are NOx, CO2, CO, H2S. 
(2) HEAT AND HUMIDITY : 
Some of the major source of heat generation 
are geothermal gradient, machinary, burning of 
light, oxidation and human bodies. 
Similarly humidity is caused by general 
weather conditions, water percolation, seepage, 
accumulation and subsequent evaporation thereof, 
sweating of man etc. 
When men work in hot atmosphere blood supply 
to the brain, muscles and skin is greatly increased. 
If the rate of advance is such that blood 
circulation is not sufficient to supply the needs of 
all vital organs, the bradn is first to suffer. This 
result in "metal fatlque" and persons becomes 
apathetic, neglectful, irritable and dlsatisfied. 
The wet bulb temperature in mine should not 
be exceed 33.5°C, and where it exceeds 30.5°C. The 
air velocity should be maintained at not less than 
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60 M/min. However, mines are advised to maintain 
30°C wet bulb temperature as a safe limit of 
environmental temperature. 
(3) DUST : 
Dust has no specific scientific meaning. In 
general dust means particulate matter which settle 
down on the surface. This dust cause of machinary, 
explosion and fire. But the most significant point 
is that dust cited above, has least pyriological 
effects on human beings unless it is toxic. It is 
finer particle size below five micron, which is 
invisible causes much damage to human body 
particularly the respiratory system. Dust may cause 
other effects depending upon its nature.Innert dust 
has a niusance value and may impair lung clearance. 
Toxic dust may affect central nervous system, 
peripheral blood forming system or kidneys. Alergic 
dust may cause "asthma" and "eczema". 
Major source of dust generation in Khetri 
mine are drilling, loading, and transportation. 
There are some steps taken for the controlling the 
dust generation : 
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(I) Water spray (II) coursing of ventilation circuit 
(III) provision of air processing (IV) provision of 
dust mask. 
(4) NOISE : 
Though noise does not pollute the 
environment in strictsense yet it has adverse effect 
on the health of person. Higher noise level damage 
the hearing sense permanently if exposed for long 
duration. 
Situation in Khet;ri mine is much complicated 
where equipment operate in confined space. The limit 
fixed for noise levels are : 
85 dB - Warning limit 
90 dB - Danger limit 
115 dB - No entry without car protector 
140 dB - No entry 
The noise level of major equipment is as 
follows : 
Jack, hammer - 85 dB 
Diesel operated ore haular - 88 dB 
Crusher - 110 dB 
Drifter - 114 dB 
Blasting - 190 dB 
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Besides mining activity, copper preserving 
plant is also a major source of surface and 
underground water pollution. Combined effluents from 
copper processing plants i.e. oxidation of sulphide 
ore, concentrator, sulphuric acid plant, smelter and 
refinery plant when combined don't shows much 
acidity but contain higher values of T.D.S., 
sulphate, iron, copper, etc. (Plate ). 
The total combined effluents coming out from 
KCC can be divided into two parts i.e. the effluents 
passing through the main drain from copper 
processing plants and effluents from fertilizer 
plant. 
The effluent from Phosphoric Acid Plant and 
Super Phosphate Plant constitute the fertilizer 
effluents, which contain mainly suspended solids, 
fluorine and are acidic in nature. 
To bring the pollutants in the effluents 
stream within the prescribed limit of pollution 
control agencies, it is necessary to treat both the 
streams of effluents separately and then mix 
together before final discharge from the factory 
premises. 
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Observing the heavy concentration of 
suspended solids mainly from concentrator plant It 
has been decided to arrest the same in lagoons 
before giving a final treatment for effluents from 
copper processing plant. 
Further to economise on the total treatment 
scheme and to reduce the loading of solids in the 
lagoons it was felt necessary to arrest the slurry 
spillages in concentrator plant and recover the 
material as far as possible instead of letting them 
out to final treatment plant as waste. 
To bring down copper and iron, a recovery 
unit for copper and iron was suggested for treating 
tank house bleed but considering the future plan for 
putting up Electrolyte Purification Plant, the same 
dropped and the facility has been limited to the 
neutralisation only. 
CHAPTER-VI 
MINING METHODS AND OTHER ACTIVITIES 
Khetri Copper Complex/ a unit of Hindustan 
Copper Limited (HCL), is an integrated mining cum 
metallurgical complex for extraction of copper 
along with allied by-products including sulphuric 
acid, triple super phosphate fertilizer under the 
trade name "Shakti Khad" nickel sulphate and 
selenium. 
The process operation involve mining, ore 
beneficiation, smelting, electro-refining of 
copper. In order to utilise the off-gases of 
smelter and as a pollution control measure, a 
sulphuric acid plant is installed. The acid in term 
is utilised to produce phosphatic fertilizer. 
MINE ACTIVITY 
KHETRI COPPER MINE : 
The Khetri mine is located at eight 
different levels viz. 
4 21 metre level 
3 50 metre level 
3 00 metre level 
2 40 metre level 
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180 metre level 
120 metre level 
60 metre level 
Zero metre level 
The whole rnirr^ i s c o n s i s t s of two s e c t i o n s : 
(1) Adit mine or upper l e v e l , and 
(2) Shaft mine or lower l e v e l 
(1) ADIT MINE : 
Comprises of the two top most levels viz; 
421 ML and 350 ML. Both these levels cire producing 
and account for two third of the total mine 
production. 
(2) SHAFT MINE : 
All levels below 350 ML belong to the shaft 
mine. An inclined shaft up to 180 ML and two 
vertical shafts up to zero ML are the main mine 
openings. The service shaft serves for hoisting 
men/ material and waste rock and act as intake of 
fresh air (Plate 2). 
300 ML is the upper most level of the shaft 
mine and has recently come into production. This 
level already contributes one third of the total 
o re. 
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Primary development is being done at 240 
and 180 ML at an increased pace in order to bring 
these levels into production before the adit levels 
are depleted. Zero ML have major pump stations to 
drain out the mine water (Plate 7). 
STOPING METHOD : 
This method of mining used in sub-level 
open stoping. A slot of about 3 M width is made 
to the full height and width of the ore body at 
a convenient location., This is followed by stoping. 
A trough is created on the extraction level/ which 
receives blasted ore from the sub-levels. 
COLIHAN COPPER MINE : 
The KOlihan copper deposit forms a part 
of the Khetri copper belt. The deposits has 4 kms. 
(Approx.) of strike length and is devided into 
three major blocks : 
(1) South blcok 
(2) Central block 
(3) Northern block 
The central block, having a strike length 
of 610 M, is termed as Kolihan copper mine and is 
the richest copper deposits so far known in this 
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copper belt. Kolihan mine has estimated ore 
reserves of 30.3 million tonnes of 1.52% average 
copper contents. 
The Kolihan copper mine is devided into 
three sections : 
(1) 424 MR Adit section for exploitation of 
the ore body at 424 MRL and above i.e. 
level II. 
( 2) Decline section for development and produc-
tion of level 11-364 to 424 MRL and 
development and stope preparation of level 
III-306 MRL to 364 MRL. 
(3) Production shaft section for mining lower 
levels. 
(1) 424 MRL Section : 
This section is served by an adit located 
on the foot wall side of the ore body. 
(2) Declining Section : 
This section is served by a decline of 
5.0x3.25 size and 1 in 9 gradient, which is 
developed from surface to 364 MRL i.e. level II 
and 306 MRL i.e. level-Ill. These two levels are 
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being worked by complete trackeless mining 
equipments. 
(3) Production Shaft Section : 
Production-cum-service shaft/ which is 
circular and 5.9 M finish diameter is located under 
ground at 424 MRL. Both cage and skips wil-1 be 
simultaneously operating in the shaft. 
STOPING METHOD : 
The stoping method is similar to that 
practised at Khetri mine viz. sub level open 
stoping with long hole blasting. The operations 
are highly mechanised and similar type of machines 
as at Khetri mine are in use. At some areas where 
the ore body is very irregular with variable dip 
having less width with poor grade subievel slicing 
with cavo loader is being done for selective 
mining. 
PLANT UNITS 
(A)) CONCENTRATOR : 
The design capacity of concentrator is 
approximately 9600 tonnes of ore per day. The 150mm 
ore is stockpiled and crushed to 20 mm size through 
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secondary and tertiary crushing and is stored in 
a fine ore bin. The ore is ground in rod and ball 
mills and after classification/ is sent to the 
flotation section. The final concentrator/ after 
thickening; is filtered and sent to the bedding 
building. The final tails after thickening are sent 
to the tailing pond. The water is reclaimed and 
reused in the plant. Rotation middlings are 
reground and again subjected to flotation for 
recovery of residual copper. 
(B) SLAG TREATMENT PLANT : 
The slag from flash furnace contain about 
2.0% copper. The slag is cast in pitS/ broken/ 
crushed and sent to slag bins the crushed slag 
is separated into different sizes. Large and small 
size being mixed in 'predetermined proportion so 
that self grinding charge is sent to the mill. The 
ground slag is sent to the flotation circuit and 
a slag concentrator is produced/ which is sent to 
the concentrate thickener to the main plant/ while 
the slag tails are sent to the tailing thickener. 
It is proposed to separate the slaq circuit from 
the main ore circuit for better operational 
control. 
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(C) SMELTER : 
The net concentrate is fed into drive in 
the smelter and the dried concentrate is 
pneumatically conveyed to hopper above the flash 
furnace. 
the concentrates are fed to the reaction 
shaft of the flash furnace (Maintained at the temp 
of 1300°C) past burner fitted on top. Preheated 
air is also introduced in concentrate burners and 
the concentrate powder catch fire with a flash 
inside the furnace. 
The slag and matter formed settle in the 
settler chamber. This slag is periodically tapped 
through slag holes and mattle containing 50% copper 
after being tapped through mattle tape holes/ is 
sent to the converter. In the converter/ air is 
blown through the matte and silica flux is also 
added. The converter slag is return to the flash 
furnace. 
The finished product from the converter 
is known as "Blester Copper" and as 99% pure. It 
contains dissolved gases. To remove these gases 
and some impurities blister copper is charged into 
the anode furnace, where the copper is refined by 
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introducing green poles into the bath. The molten 
copper is cast into moulds on a casting wheel. The 
product is "anode' copper" and the approx. 99.3% 
is pure. 
The gases from the flash furnace and 
converters/ after the removal of dust are sent to 
the sulphuric acid plant. 
D. REFINERY : 
I. Tank House : 
The refinery is composed of two plants (1) 
Electricity Plant for Electrorefining of anode 
copper and (2) Wirebar casting plant for melting 
cathodes and casting wirebars. 
Anode copper containing about 99.3% pure 
copper is sent to electrolytic refinery from the 
smelter. Afterelectrorefining the grade improves 
to 99.99% copper. The electrorefining provides 
an opportunity to recover precious metals like gold 
and silver. The electrolysis is carried out in 
concentrate cells lined with antimonial lead. The 
electrolyte is solution of copper sulphate and 
sulphuric acid in water. 
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The anode received from smelter and 
receive copper sheets (starting sheets) are 
alternately suspended in the cells and connected 
to the husbar system. Each cells contains 35 
anodes and 36 cathodes (starting sheets). Direct 
current is fed to ^ the cell through a DC 
distribution system from a silicon rectifire. 
As a electrolytic process continues^ the 
weight of anode decreases on account of 
dissolution of copper and the weight of the 
cathode increases on account of deposition of 
copper. The anode are kept in a cell for 28 days 
and cathodes are removed from the cell after every 
four days of the electrolysis. The cathodes are 
sent after proper washing to the "Wire bar 
casting plant". The scrap anodes removed from the 
cells after 28 days; are sent to the smelter plant 
for remelting. Anode slime removed from the 
bottom of the cell is treated for denuding of 
copper and then washed/ dried and stored for 
future recovery of small quantities' of precious 
metals like gold/ silver, tellurium rtc. 
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ll. WIRE BAR CASTING PLANT : The "Wirebar casting 
plant" provided with the facilities to produce 
electrolytic grade copper wirebars each weighing 
110 kg mainly to meet indegenous demand of cables 
and winding wire industry. The process operation 
work on a system of continuous charging of 
cathodes, melting in an arc furnace and casting 
of wirebars. The cathodes, free from surface 
imperfections, are charged one at a time by a 
charging machine at a predetermined rate into an 
oil fired furnace. The preheated cathodes at 700°C 
are transferred for melting by a chain cnveyor 
from the preheating furnace to the arc furnace. 
In the arc furnace temperature and oxygen are 
controlled as per the process requirement. 
With input of cathodes an equal quantity 
of hot metal flows through a launder into a 
holding furnace. The holding furnace is preheated 
with an oil burner for five to six hours before 
hot metal is introduced into it from the arc 
furnace. Oxygen in the metal is kept under close 
control by continuous poling in the holding 
furnace molten from the holding furnace flows down 
to a 500 kg ladle, which is operated electrically 
and pours the molten copper into horizontal copper 
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moulds placed on a casting wheel. The rate of 
casting is matched with the availability of metal 
from the arc furnace. Copper moulds are cooled 
with adjustable water sprays to keep to mould 
temperature under control. After cooling/ the 
wirebars are inspected on an inspection conveyor • 
and despatched to the warehouse for sale. 
E. ACID & FERTILIZER PLANT : The Acid Cum 
Fertilizer Plant is based on processing sulphur-
dioxide bearing gases from the smelter and is 
designed to manufacture about 200,000 tonnes for 
per annum of granulated triple super phosphate 
(TSP). The fertilizer complex comprises of a 
sulphuric acid plant and phosphatic acid plant/ 
a TSP mixing and granulation plant and auxilliary 
facilities such as water treatment plant/ steam 
generation/ rock phosphate unloading and grinding 
and final product storage and bagging facility. 
F. SULPHURIC ACID PLANT : The clean gases from 
the smelter are sent to the Sulphuric Acid Plant. 
The plant has a peak design capacity of 700 tons/ 
day. The combined gases from flash smelter and 
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converter contain SO- varying from 5% to 7.8%. 
After treatment in the acid plant 570 tons/day 
of sulphuric acid can be produced for further use 
in phosphoric acid plant. 
G. PHOSPHORIC ACID PLANT : 
The "Phosphoric Acid Plant" designed to 
produce about 400 tons/day of phosphoric acid in 
the form of 54% P-O^ acid. The plant is based 
on the dihydrate semihydrate central prayon 
process. 
The by-product' of this plant is approx. 
1000 tonns/day of gypsum which can be used in 
cement and ancilliary industries like wall board/ 
ammonium sulphate/ cement etc. The by-product 
gypsum has also great potential for use in the 
reclamation of saline soils. The other by product 
hydrof luosil icic acid and is proposed to be 
utilised for the manufacture of aluminium fluoride 
It is also proposed to set up a sodium 
bipolyphosphate plant. 
CHAPTER-VII 
WATER QUALITY OF THE AREA 
It is now generally recognised that the 
quality of water is just an important as its 
quantity. All surface and ground water contain 
salts in solution that are derived - from the 
location and past environment of the water. The 
type and concentration of salts depend on the 
environment, movement and source of the ground 
water. Ordinarily, higher concentration of 
dissolved constituents are found in ground water 
than in surface water because of greater exposure 
to soluble material in geological strata. Soluble 
salt in ground water originate primarily from 
solution of rock materials. Bicarbonate usually 
the primary anion of ground water is derived from 
carbon dioxide released by organic decomposition 
in the soil. Salinity varies with specific surface 
area of aquifer materials, solubility of minerals/ 
and contact tirae^  values tend to be highest where 
movement of ground water is least. Hence, salinity 
generally increases with depth. A common 
geochemical sequence in ground water includes 
bicarbonate water near ground surface varying to 
chloride water in the deepest positions of 
formation. 
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The quantity and type of minerals matter 
dissolved depends upon the chemical composition 
and physical structure of the rock as well as 
the hydrogen ion concentration (pH) and the redox 
potential (Eh) of the water. C0_ in solution derived 
from the atmosphere and from organic process in 
soil and water assist the solvent action of water 
as it moves underground. 
The required quality of a ground water 
supply depends on its purpose/ thus, needs for 
drinking and industrial water. Ground and surface 
water quality variation problem can be understood 
only by the monitoring the quality of water. In 
entire area of Khetri Copper Belt the rapid 
development of surface and underground mining and 
other industrial units (related to mine) taking 
posing of threat to water quality problem serious. 
Therefore/ in order to study water quality of the 
area/ water samples were collected from surface 
and subsurface bodies. Twenty samples were 
collected from the area of which seventeen samples 
were analysed for trace element studies.^ 
Present study is conducted to find out 
1) The regional variations in the quality of 
water. 
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2) To delineate the poor quality of water 
zones for irrigation and drinking purposes. 
3) Possible source of pollution. 
Results of physical and chemical analysis of 
major and trace elements are given in table no.l. and 
the locations of water samples taken is given on PI.No.16 
HYDROGEN ION CONCENTRATION (pH) : 
pH is the measure of the intensity of 
acidity or alkalinity/ and measures the concentra-
tion of hydrogen ion in water. It does not measure 
total acidity or alkalinity. Intact, the normal 
acidity or alkalinity depends upon excess H or CH 
ion concentration over the other, and measured in 
normality or gram equivalent of acid or alkali. 
If free H are more than OH ions/ the water shall 
be acidic if OH ion is more water will be basic or 
alkaline. 
pH is generally measured on the Ion scale 
and equals to negative log.^ of hydrogen ion concen-
tration 
PH = - log^Q I H^ I = log^Q 1/|, H"" \ 
- 7 2 -
x^^S 
75'50 
P l a t e No.16 
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The solution with pH more than 7 is 
alkaline nature and pH less than 7 is acidic and 
pH = 7 is nutral. 
The study area have all the type of water 
on the basis of Hydrogen Ion concentration, which 
varies from 2.04 to 8.16. Ground water samples from 
the Gothra, Banvas and Jagannathpur which used for 
drinking and other domestic uses lies within the 
permissible limit/ that range from 7.67 to 8.16 
Water samples ot bore hole shows the pH value from 
2.04 to 5.92 and also in river Kharkhara the water 
samples are of low pH value means acidic in nature 
(Table NO. 1-A, Plate-13). 
TOTAL HARDNESS : 
Hardness is the property of water which 
prevents the leathering of soap. It is caused due 
to presence of sulphates and chlorides of calcium 
and magnesium. Hardness some time is attributed 
due to sulphates or chlorides of iron, manganese 
and aluminium. This cause what is called oermanent 
Hardness, while temporary Hardness is caused due 
to the presence of bicarbonate of calcium and 
magnesium. Usually Hardness is expressed in terms 
- 7 4 -
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of CaCO^/litre. Hardness of the area of investiga-
tion ranges from 565 ppm to 3260 ppm. It is found 
that the most of the places of the study area the 
ground water and surface water are very hard in 
nature (Table No. 1-A/ Plate-12). 
TOTAL DISSOLVED SOLIDS : 
The importance of total Dissolved Solids 
(T.D.S.)/ as they effect water quality hunges upon 
tneir tests and texture properties. The dissolved 
solids in natural water consists mainly of Bicarbo-
nates, chlorides/ sulphides/ and possibly fluorides 
and nitrates of calcium/ Magnesium/ Sodium and 
Potassium with traces of Iron/ manganese and other 
substances. T.D.S. is directly depends upon 
electrical conductivity or salinity of water. 
Indian Council of Medical Research while 
recommending 500 ppm TDS in potable water as a 
maximum limit i.e. 1500 PPm TDS may accept where 
no alternate source is available. 
The concentration of total Dissolved solids 
in the ground water is 138 pom in Banvas Village 
as a minimum value and 185 ppm in Jagannathpur as 
maximum value. In river Kharkhara the T.D.S. 
concentration lies betwe>3n 902 ppm to 715 ppm 
(Table No. 1-A/ Plate-15). 
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ELECTRICAL CONDUCTIVITY (Micro-mhos/cm at 25°C) : 
The electrical conduccivity is the measure 
of concentration of mineral constituents present 
in water. This gives a rapid method to get an idea 
about dissolved solids in water. The conductivity 
is reciprocal of resistance/ the value of fi.C. is 
depends upon presence of total concentration of 
ionised substances. It also check che reliability 
of mineral analysis or quality of distilled water 
Usually electrical conductivity is measured at a 
fixed temperature that is 25''C. It is also an 
indicative of salinity of ground water. 
The electrical conductivity (E.C.) of the 
collected water samples analysed with the help of 
Potable Water Analysis Kit. In study area the 
electrical conductivity varies from 216 to 3475 
raicro-mhos/cm at 25°C. In ground water samples the 
E.C. is lower than river water sample. Ground water 
sample showes E.C. between 216 to 290 micromhos/cm 
whereas river water sample Shows the electrical 
conductivity 804 to 1408 micromhos/cm at 25°C. E.C. 
In bore hole samples the E.C. is ranges from 3000 
micromhos/cm to 950 micromhos/cm (Table No. 1-A/ 
Plate-17). 
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MAJOR ANIONS : 
Bicarbonate (HCO~) : 
Bicarbonate is the most common cause of 
alkalinity in natural waters. The bicarbonate 
content in ground water depends upon the partial 
pressure of the carbondioxide in water and soil 
and represent the major form since they are formed 
in considerable amounts from the action of 
carbonates upon the basic material in soil and 
water. 
CO- + CaCO^ + H2O = Ca(HCO-) 
According to the analysis^ ground water 
samples from the different villages, the highest 
concentration of bicarbonate is 170.8 ppm in Gothra 
and lowest concentration value if 112 ppm in 
Jagannathpur. In the surface water the concentra-
tion ranges from 101 ppm to 195.06 ppm. Surface 
water analysis shows an increasing tendency from 
the mine area due to natural contamination of water 
(Table No. 1-B, Plate-lO;. 
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Sulphate (SO.) : 
It is a major ion present in water in the 
form of CaSO,/ MgSO./Na.SO .. Luckily it has no 
adverse effect upon health, mainly it is responsible 
for the salinity. 
a remarkable feature of all Khetri waters 
is high concentration and an increasing trend 
towards the mine area of sulphate due to mining 
and processing activities/ oxidation and leaching 
of sulphide ores. In surface water the concentration 
lies between 533 ppm to 1201 ppm. In ground water 
the sulphate ion concentration is between 1097 ppm 
to 569 ppm (Table No. 1-B, Plate-J^O). 
Chlorides (Cl ) : 
Chloride ion remain present in water in 
the form of one or more of the compounds like CaCl^/ 
Mgcl_/ NaCl/ etc. It has no adverse effect on 
health, but it impairs bad taste to drinking water. 
With increasing the level of chloride in water, 
its corrosiveness on metals also increases. 
Chloride also may injurious to people suffering 
from diseases of heart or kidney. Indian Council 
of Medical Researdi (1974)'while recommending 200 ppm 
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as desirable limits of chlorides in potable waters 
has also laid down 100 ppm as maximum permissible 
limit where no other alternative source is 
available. 
The chloride concentration in river 
Kharkhara ranges from 168 ppm to 397.6 ppm. Samples 
taken from bore holes shows the concentration value 
between 88.2 ppm to 278.32 ppm. In ground water 
study chloride concentration lies between 112 ppm 
to 170.8 ppm. All the concentration in study area 
nearly within permissible limit (Table No. 1-B, 
Plate-10). 
MAJOR CATIONS 
Calcium (Ca ) : 
Calcium is one of the most abundant 
substance of the natural water. Being present in 
high quantities in the rocks/ it leached from there 
to contaminate the water. The quantities in natural 
water generally vary from 10 to 100 mg/1 depending 
upon the type of rock, calcium cause hardness and 
forms scale which is generally deposited in conduit 
tubes and pipes. It has no adverse physiological 
manifestation on human system, and infact a person 
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consuming water containing certain amount of 
calcium is likely to have less chances of heart 
trouble or cardiac disorder than a person drinking 
soft water without any calcium content. 
The calcium concentration in the ground 
water samples taken from study area ranges between 
82.91 ppm to 178.2 pmm/ In Kharkhara river the 
concentration varies from -142 pppm to 200.8 ppm. 
Keeping all the concentrations of calcium in view, 
the values are within the permissible limit (Table 
No. 1-B/ Plate-10). 
Magnesium (Mg ) : Magnesium also occurs in all 
kind of natural waters with calcium, but its 
concentration remain generally lower than the 
calcium. The principal source is different kind 
of rocks. Industrial waste water is also important 
contributor. 
Magnesium is supposed to be non-toxic at 
the concentration generally met in natural waters. 
High concentration may be cathartic and diuretic 
(Lehr et al. 1980), for the initial user. High 
concentration combined with sulphate as laxature 
to human beings. Concentration as high as 500 mg/1 
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impart an unpleasant taste to the water thus 
rendering it unpalatable Magnesium add to the 
hardness of the water. 
Magnesium concentration in the study area 
ranges from 38 ppm to 195 ppm. In ground water 
samples the concentration is within permissible 
limit/ that is 38 ppm to 172 ppm. In river 
Kharkhara, Magnesium concentration is recorded from 
76 ppm to 138 ppm (Table 1-B, Plate-10). 
Sodium (Na ) 
It is a major compound of potable water The 
important water guality aspects of sodium is the 
possibility of changing the permeability of soil. 
Sodium is present in all natural water. No doubt/ 
sodium has medicinal effect on health. However/ 
high concentration in blood leads to hypertension/ 
cardiac and renal diseases. 
Sodium ion concentration in study area shows 
the maximum value 520 ppm in mine (SDP-21) and 
lowest value 58 ppm in Jagannathpur. Kharkhara 
water samples shows the concentration from 136 ppm 
to 471 ppm. 
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Potassium (K ) : 
Like sodium, potassium is also a naturally 
occurring element in water. However, the concentra-
tion remain quite lower than the sodium, calcium 
and magnesium. As a rule/ ratio of sodium to 
potassium is 10:1 or 20:1. The major source in 
natural water is weathering of the rocks but the 
quantities increase in the polluted water due to 
disposal of waste waters. As such, it is not very 
much significant from the health point of view but 
large quantity may be laxatine. 
The concentration of potassium is slightly 
high in ground water sample, that varies from 4.9 
ppm to 6.9 ppm. In whole study area analysis shows 
the maximum values in bore holes of under 
ground mine (Table 1-B, Plate-]0) . 
TRACE ELEMENTS : 
Nickel (Ni) : 
Nickel found in the environment is 
industrial rather than natural in origin. There 
has been no report of wide spread damage to environ-
ment by nickel compounds. 
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Nickel is not considered harmful to man. 
No USPHS limits for nickel in drinking water has 
been established. It is however/ moderately toxic 
to aquatic, organisms and can be very toxic to plant 
life, depending on its chemical form. 
One of the most common exposure to nickel 
compounds is resulting from electroplating with 
nickel compounds and the most wide spread problem '' 
is the production of a dermatitis popularly known 
as "nickel itch" some persons even suffer from 
contact with nickel planted. 
The concentration of Nickel in the study 
area varies according to the sampling. The highest 
value of concentration is recorded near the main 
gate of K.C.C. it shows 2.11 ppm concentration/ 
that is highest value in surface water samples. 
The lowest value of the same is 0.31 ppm from 
Banvas hand pipe (Table No. l-C, Plate-ll). 
Zinc (Zn) : 
Zinc is very essential micronutrient in 
human beings and only at very high concentration 
it may cause some toxic effects. It is essential 
that people consume on an average 10 to 315 mg of 
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zinc daily in their diets. From the standard point 
of water supplies, 5 ppm in USPHS drinking water 
limit. Zinc salt produce an undesirable taste to 
the water. It also cause in water to appear milky 
and on boiling/ a greasy surface scum may also form 
in the water. Aquatic organisms are more sensitive 
than human to zinc concentration as low as 0.1 to 
1.0 ppm have been found lethal to fish and other 
aquatic animals.. 
Zinc is well within the limit. It is not 
in higher concentration as per requirement 
according to WHO. Most areas shows the low 
concentration but not harmful to the livings. In 
river Kharkhara the highest valuSc is 1.2 ppm and 
falls upto 0.12 ppm whereas in mine sample and 
ground water sample of different villages, the 
highest values are 0.71 ppm, 1.37 ppm and the 
lowest values are 0.58 ppm, 00.71 ppm respectively 
(Table No. 1-C, Plate-lV). 
Lead (Pb) : 
Lead usually occur either as sulphide or 
oxide or carbonate compounds of iron, zinc, silver, 
copper, gold/ cadmium, antimony/ arsenic/ bismuth 
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and other metals may be associated in various 
proportions. It is a highly toxic to human/ that 
accumulates in the body, mainly in the bones, it 
is also found in brain, kidney and muscles. Lead 
poisoning is due to permanent cummulative effects 
and not due to occasional exposure to small doses. 
However, in extreme case of lead poisoning death 
may result. 
Lead concentration varies from 0.10 ppm to 
0.610 in the effluent. In river Kharkhara its 
concentration lies between 0.31 ppm to 0.32 ppm. 
Samples taken from boreholes of under ground mine 
shows higher value whereas in Jagannathpur, Gothra, 
Banvas village concentration is in permissible 
limit. 
It is seen in that person living in visinity 
of Khetri are frequently suffering from neurolo-
gical infection due to consumption of lead polluted 
water (Table 1-C, Plate-11). 
Copper (Cu) : 
Copper in natural water also results in 
higher concentration due to pollution. It passes 
as such through the body but there is evident of 
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accumulation of trace quantities in linear. The 
limits of it in the standards are not due to its 
toxic effects but are due to its taste producing 
capacity. The maximum permissible concentration 
of copper in the drinking water is 1.00 ppm. 
The concentration of copper in river 
Kharkhara ranges from 43.3 ppm to 7.98 ppm. The 
highest value recorded at the gate of Khetri copper 
complex and as we go away from the gate the value 
of copper decreases. The water of the river is not 
suitable for drinking purpose, as it is not lying 
within the permissible limit Groundwater Samples 
taken from the Jagann^thpur, Gothra and Banvas 
shows the maximum concentration 1.96 ppm and 
minimum 0.64 ppm that is within permissible limit 
and useful for drinking and irrigation purposes 
(Table No. 1-C, Plate-U'). 
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CHAPTER-VIII 
SUMMARY AND CONCLUSION 
The area of investigation "Khetri Copper 
Complex" (KCC) a unit of Hindustan copper Complex, 
is situated in Distt. Jhunjhun (Rajasthan), that 
is an integrated mining cum metallurgical complex 
for extraction of copper from sulphide ores along 
with allied by-products. The process operations 
involve mining of 2500 tonnes of ores per day, ore 
beneficiation, smelting, electrorefining of copper. 
The copper producing capacity being 31/000 M.T. per day. 
The Kharkhara river, an emphemeral stream, 
flows along the eastern side of the K.C.C. 
Geologically the area of investigation 
belongs to Alwar and Ajabgarh group of the Delhi 
system, which are predominantly arenaceous and 
argillaceous, respectively. The rocks of Delhi 
system are intruded by amphibolitejs, granites, 
quartz veins and pegmetites followed by sulphide 
mineralization. These are over lain by recent to 
sub-recent alluvial oelow lands. The economic 
mineralization which gives rise to the ore bodies 
is mainly localised in the upper part to the 
emphibole chlorite, quartzite and garnet emphibole 
chlorite quartzite schist. The ore minerals are 
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pyrite, chalcopyrite and pyrrnotite/ cobaltite and 
damite, which occurs locally. The Khetri copper 
mine are the northern part of a larger copper belt 
that is extending to a length of 76 km. from 
Singhana to Raghunathgarh. The ore body in the 
area is found to be wide dessiminated type. 
On the basis of hydrogeological study the 
area of investigation is largely divided into three 
units. First "alluvium unit" - is confined to the 
Kharkhara river bed along the narrow valley; second 
"weathered unit" - this zone underlies the 
alluvium, its average thickness is 10-20 metres 
and last unit is "fractured faulted and sheared 
bed unit" - this unit include quartzites 
amphibolites, amphiboles/ garnet chlorite schist. 
Hydrogeologically the area of Khetri copper 
complex is very disturbed/ because of mining 
operations that extend below the water table which 
disturbe the natural hydrologic regime. As soon 
as development begins and water is removed from 
the mine/ the mine becomes the apex of a depressed 
cone in the water table causing convergence in the 
flow of water table towards the mine. Mining 
activity in Khetri copper mine is located at 
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different levels below the regional water table 
( Plate 7). 
Intensive mining of copper ores to fulfil 
the increasing demand of copper in our industries 
and domestic use without an appreciable recycling 
has precipitated the prospect of exhausting these 
non-renewable resources. 
As the water quality of the area is concern 
to the mining activity at Khetri are accompanied 
by a variety of environmental problem viz; water 
pollution and change in hydrogeological setup, air 
pollution, despoitation of land, and land 
degradation and problem of heat, humidity, nexious 
fumes, dust, noise and ground vibration that have 
direct bearing on the persons working in under 
ground mines. Combined effluents from copper 
processing plants, oxidation of sulphide ores, 
leaching and discharge of acid mine water into 
water bodies are the main cause of surface and 
ground water pollution. Consequently the sulphate 
and copper contents of water are known to be in 
excess (Plate No. 3). The effects comming out from 
copper processing plant, i.e. concentrator, 
sulphuric acid plant, fertilizer plant, acid plant, 
smelter and refining plant, when combine (Table 
No. 4), show character of industrial discharge. 
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The neutralization of these acidic industrial 
effluents by lime and arrestation in lagoon 
(tailing ponds) leads to the large volume of sluge 
(gypsum mud), which once again become a nuisance. 
The worst polluted source of surface water, the 
Kharkhara river is the main recharging unit to 
ground water, that recieves acidified mine water 
from the zero level an waste water containing 
toxic acid , copper, zinc, lead etc. discharging 
directly from electrorefining unit. On the other 
hand the constituents of dumped wastes lying on 
the right bank of Kharkhara (Plate No. 7) pollute 
surface and subsurface water by the process of 
oxidation and leaching of sulphides containing 
wastes. The chemical quality of water of Kharkhara 
river have been affected by this dump and discharge 
of plant effluents. Analysis shows the high 
concentration of trace elements mainly copper and 
sulphate that is very much more than permissible 
limit (Plate 11, 10). Qualitatively, the ground 
water of Gothra, Banvas Jagannathpura (G.W.) is 
hard and alkaline in ^ reaction and is merely 
suitable for domestic use (Plate 12). The heavy 
toxic metals (Pb, Zn, Ni) are less higher than 
permissible limits (Plate 12). The higher values 
of these elements in the village may be due to 
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seepage of polluted water of river. 
The seepage water from the crackS/ fisheres/ 
joints and boreholes in underground mine never 
has been used for drinking by mine workers. Water 
supplied from surface for drinking and underground 
operation. Water available in under ground water 
mine from both the sources (supply from surface/ 
discharge from cracks and boreholes) is collected 
at centrally located sump as shown in Plate No. 7 
and discharge at surface by pumps. This mine water 
is directly consumped in concentrator plant. 
3 
Average water discharge from mine is 4000 M /day. 
Kharkhara river, as discussed above is 
grossed polluted and unsuitable for human use, 
further sodium percentage reveals that surface 
water (Kharkhara river) is doubtful for the 
irrigation practice (see table no. 5 and plate 
no. l'^ ) Ground water of Gothra, Banvas and 
Jagannathpur is good to permissible. 
Hydrogen ion concentration analysis of the 
area of investigation shows that ground water is 
within the permissibl limit and useful for the 
drinking and other domestic use, but the surface 
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water of Kharkhara is acidic and generally not 
useful for domestic use (Plate 14). 
Keeping all above study/ it is very 
difficult task to remove all potentially toxic 
metals from the surface and ground water bodies/ 
but it is necessary to check any further increase 
of toxic substances from the effluents of the mine 
and different plants. 
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RECOMMENDATION 
1. complete treatment process for the removal 
of toxic effluents discharged from the mine 
and copper processing plant. 
2. interposing a layer of material which will 
turn it to an innocuous form before it 
reaches che grounwater. 
3. The re-appraisal survey which are carried out 
to bring out comprehensive hydrogeological 
picture in terms of quantity/ quality and 
availability of groundwater for further 
development and to demarcate areas where over-
development of ground water have started. Both 
these surveys are essential and have to be 
continued. However/ a constant monitoring of 
water level in the area must be carried out 
regularly in order to check any adverse effect 
on the ground water system. 
4. For the safe drinking water, groundwater from 
the deeper aquifers be supplied after proper 
treatment. Moreover the dumping of mine and 
industrial waste should be checked with proper 
planning. 
5. Stabiishment of vegital cover around the mine area. 
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PHYSICAL ANALYSIS ( F THE WATER SAMPLE 
Sample 
No. 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11 . 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
Sampling Area 
At main gate of 
KCC 
\ km. from main 
gate 
\ km. from main 
gate 
2 km. from main 
gate 
3 km. from main 
gate 
2>\ km. from main 
gate 
4 km. from main 
gate 
Gothra H.P. 
Gothra T.W. 
Banvas H.P. 
Jagannathpur H.P. 
Jagannathpur H.P. 
Lagoon 
South Jagannathpur 
Smelter nala 
BHP-34 
BHP-36 
BHP-37 
BHP-38 
SDP-21 
pH 
2.13 
2.21 
4.00 
3.92 
5.11 
4.91 
3.78 
8.10 
8.16 
8.02 
7.67 
7.80 
5.20 
8.10 
3.18 
3.63 
5 
5.92 
2.04 
4.80 
T.H. 
2122 
2003 
1863 
1705 
1941 
1991 
2104 
1700 
2060 
2080 
2040 
2007 
3186 
3260 
1580 
1500 
640 
565 
480 
3180 
T°C 
21 
20 
21 
18 
14 
17 
16 
26 
28 
28 
27 
26 
28 
27 
26 
24 
26 
24 
25 
27 
E.G. 
1408 
1377 
1041 
804 
1250 
1181 
1041 
0250 
240 
216 
290 
258 
3475 
1022 
3142 
3000 
2122 
2448 
950 
2596 
T.D.S. 
902 
882 
824 
715 
801 
757 
867 
156 
153 
138 
185 
160 
2227 
757 
3596 
1223 
1214 
1569 
608 
1464 
Table No. 1-A 
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HEAVY METALS ANALYSIS 
Sample Sampling Area 
No. 
Cu ?b. Zn Nl 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
At main gate of 
KCC 
^ km. from main 
gate 
\ km. from main 
gate 
2 km. from main 
gate 
3 km. from main 
gate 
2t\ km. from main 
gate 
4 km. from main 
gate 
Gothra H.P. 
Gothra T.W. 
Banvas H.P. 
Jagannathpur H.P. 
Jagannathpur H.P. 
Lagoon 
South Jagannathpur 
Smelter nala 
BHP-34 
BHP-36 
BHP-37 
BHP-38 
SDP-21 
43.3 6.32 1.81 2.11 
17.6 0.13 1.15 1.38 
16.11 0.26 0.81 0.69 
21.98 0.30 0.40 0.91 
12.31 0.10 0.60 0.55 
9.87 0.20 0.30 0.38 
7.98 0.20 0.44 0.41 
0.64 0.19 0.319 0.42 
0.91 6.105 1.21 0.80 
1.96 0.32 0.397 0.31 
1.1 0.21 1.37 0.61 
1.3 0.27 1.0 0.79 
13.05 0.58 0.67 1.73 
18.76 0.610 0.60 2.00 
12.21 0.501 0.71 1.85 
'20.95 0.39 0.58 1.27 
17.68 0.26 0.63 0.81 
Table No. 1-C 
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Probable Role of Chemical Elements in Life Process 
(Horne-1978) 
Elements 
necessary for 
life 
Elaments 
probably 
necessary for 
life 
Elements probably 
not necessary 
for life 
H, B, C, N , 
O/ F , N a , Mg/ 
S i / P, S, C l r 
K , C a / V, Mn/ 
F e , CO/ N i / C u / 
Z n / B r / I . 
Al, 
Ti, 
AS/ 
Sn, 
Pb. 
He/ Li/ Be/ le, A, 
36/ Cr, Ga/ Ge, Se, 
kv, Pb/ Sr/ Y/ Z r, 
Nb/ Te/ Ru/ Rh/ Pd/ 
Ag/ Cd, In/ Sb/ Te/ 
Xe, Cs/ Ba, La/ ^ Hf, 
REE, Ta, W/ Re, Os, 
Ir, Pt/ Au/ Hg/ Ti/ 
Bi/ PO/ At/ Rn/ Fr/ 
Ae, Th/ Pa/ V. 
Table 2 
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Table No. 3 
General Characteristics of various Effluent streams 
based on the characterisation study: 
1. Crushing Section : 
Flow 
PH 
D.O. 
A c i d i t y 
Cu 
Ni 
: Average 
Peak 
: . 7 .0 
: 6 .0 mg/ I 
: 12-15 mg/1 
: 135-150 mg/1 
: 10-15 mg/1 
2 0 - 3 0 Cu M/Hr 
6 0 - 7 0 cu M/Hr 
Tailing Thickener : 
Flow 
pH 
D .0. 
Acidity 
S. Solids 
Average 
Peak 
7.0 
6.0-6.5 mg/1 
10-20 mg/1 
100-110 mg/1 
40 Cu. M/Hr. 
300 Cu. M/Hr. 
Concentrator 
Flow : 
pH : 
D .0. : 
Average 25-30 Cu. M/Hr. 
Peak 40-50 Cu. M/Hr. 
7.0 
6.0 mg/1 
Contd, 
- I l l -
A c i d i t y 
S . s o l i d s 
Cu 
Ni 
1 2 - 1 5 m g / 1 
4 5 0 0 - 5 0 0 0 . m g / 1 
1 3 5 - 1 5 0 m g / 1 
1 0 - 1 5 m g / 1 
S u l p h u r i c A c i d P l a n t : 
F l o w : 
PH 
D . O . : 
A c i d i t y 
S . S o l i d s : 
Cu : 
N i : 
F e 
A v e r a g e 1 0 - 1 5 C u . 
Peal<L 2 0 - 3 0 C u . 
1 . 8 - 4 . 0 
4 . 0 - 5 . 0 m g / 1 
1 5 0 0 - 2 5 0 0 m g / 1 
1 5 0 - 3 0 0 m g / 1 
5 - 1 6 m g / 1 
T r a c e m g / 1 
2 0 - 6 5 m g / 1 
M/Hr 
M/Hr 
R e f i n e r y ( T a n k - H o u s e ) 
F l o w : 
pH : 
S . S o l i d s : 
P O . / F e , P b , Z n : 
Cu 
N i 
A v e r a g e 
0 . 7 - 1 . 0 
1 5 - 2 5 m g / 1 
T r a c e s 
7 0 0 0 - 7 5 0 0 m g / i 
2 0 0 - 2 5 0 m g / 1 
3 0 C u . M / d a y 
C o n t d , 
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Single Super Phosphate Mixing 
Flow : 
pH : 
D.O. : 
A c i d i t y : 
S . S o l i d s : 
PO4 
Fe : 
Average 20 
Peak 25-
2 . 0 - 2 . 5 
5 . 0 - 5 . 5 mg/1 
3000 mg/1 
100-300 mg/1 
150-350 mg/1 
1300-3500 rag/1 
Cu. M/Hr. 
-30 Cu . M/Hr 
Combined Effluent From Copper Processing Plant 
Flow 
PH 
D.O. 
Acidity 
S. Solids 
PO^/F,Pb,Zn 
Cu 
Ni 
Fe 
Average 
peak 
6.0-7.0 
5.0-6-0 mg/1 
20.0-45.0 mg/1 
950-1410 mg/1 
Traces 
3.5-7.5 mg/1 
Traces 
6.0-15.0 mg/1 
350 Cu. M/Hr. 
500 cu. M/Hr. 
Single Super Phosphate Granulation : 
Flow Average 2 0 - 2 5 Cu. M/Hr, 
Peak 3 0 - 3 5 Cu. M/Hr, 
C o n t d . . . 
-1-13-
PH 
D.O. 
S. Solids 
Acidity 
2.0-2.5 
4.5-5.0 mg/1 
7800-9000 mg/1 
2000-2500 mg/1 
28.0-34.0 mg/1 
300-500 mg/1 
Table 3 
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Probable pollutants From Different Plants Of K..^.C. 
Units Probable Pollutants 
Solid Liquid 
Concentrator - Suspended Solids 
Smelter - Acid/Alkali from 
deminera^ ization 
unit 
Tank House - Floor washings 
(acidic) 
Wire Bar - Acidic/Alkali from 
DM - Plant 
Acid Plant - Floor Washings 
acidic 
Fertilizer Plant Gypsum when Fluosilicic Acid 
TSP operated from Mixing Plant 
Table 4 
• 1 1 5 -
Q u a l i t y C l a s s i f i c a t i o n o f W a t e r f o r I r r i g a t i o n ( A f t e r t o d d 1 9 5 9 ) 
W a t e r C l a s s % Na S p e c i f i c B o r on m g / l 
c o n d u c t a n c e s e n s i t i ; e " i e m i - " " " T o I i r a n t ' 
U S / cm 
' c r o p t o l e r a n t c r o p 
c r o p 
E xce l len t 
Good 
P e r m i s s i b l e 
Doubtful 
U n s u ± a b l e 
20 
20-40 
40-60 
60-80 
80 
250 
250-750 
750-2000 
2000-3000 
3000 
0 .33 0 .67 1.00 
0 . 3 3 - 0 . 6 7 0 . 6 7 - 1 . 3 3 1 .00-2 .00 
0 .67 -1 .00 1 .33-2 .00 2 . 0 0 - 3 . 0 0 
1 .00-1 .25 2 . 0 0 - 2 . 5 0 3 . 0 0 - 3 . 7 5 
1.25 2.50 3.75 
T a b l e 5 
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Parameters used for water analysis : 
Physical Chemical Major Major Trace 
Parameter Cations Anions Elements 
E.G. pH value Ca HCO~ cu 
T T .H. Mq"^ ^ C l " Pb 
T . D . S . Na CO^ Zn 
Ni 
^^ 
g^" 
a"*" 
K-^  
-
l " 
coj 
Table 6 
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Physical & Chemical Limits of Drinking Water 
parameter WHO International U.S.-P.H.S. Indian standards 
standards for standards 
Drinking Water 
Permissive Maximum Permi- Maximum Permi- Miaximura 
ssive ssive 
T u r b i d i t y 5 25 5 - 15 25 
c o l o u r 5 5 0 15 - 5 2 5 
pH 7 . 0 - 8 . 5 6 . 5 - - 7 . 0 - 8 . 5 6 . 5 
9 . 2 9 . 2 
T . S . 5 0 0 1 5 0 0 5 0 0 - 5 1 5 0 0 
Ca 75 200 - - 75 200 
T.H., - - - - 3 00 eoo 
Mg 50 150 - - 50 150 
F 0.3 1.0 0.3 - 0.3 1.0 
Mn 0.1 0.5 0.05 - 0.1 0.5 
Cu 1.0 1.5 1.0 - 1.0 3.0 
Zn 5 15 5 - 5 15 
Chloride 200 600 250 - 250 1000 
Sulphate 200 400 250 - 250 400 
Flouride 0.5 1.5-1.5 0.8-1.7 - 1.0 2.0 
Nitrate 50 100 45 - 20 50 
^g - - - - . - 0 . 2 
3a - - - 1.0 -r ! -
?b - 0.01 0.02 0.2 - 0.01 
Table 7 
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O r e r e s e r v e s and mining c a p a c i t y i n K.C.C. 
Mine Ore R e s e r v e s Cu % Min ing c a p a c i t y 
( M i l l i o n Tons) (TPD) 
K h e t r i 40 0 . 9 4 5 000 
KClihan 28.9 1.23 3000 
Chand Mari 1.15 1.28 1000 
(Open Pit) 
Table 8 
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The Recommended Choice of preservation for various Constituents 
Parameter Preservative Max. Holding Period 
Acidity Alkalinity 
B O D 
C a 
C O D 
Chloride 
Colour 
Cyanide 
Dissolved Oxygen 
Flouride 
Hardness 
Metal, Total 
Metal/ Dissolved 
PH 
Solids 
Specific conductance 
Sulphate 
Sulphate 
-Threshold Odor 
-^Turbidity 
Refrigeration at 4''C 
11 
Not Required 
2 ml H2S0^/litre 
Not Required 
Refrigeration at 4°C 
NaOH to pH 10 
Determine on site 
Not Required 
Not Required 
5 ml HNO^/litre 
fliterate: 3 ml 1:1 
HNO^/l 
Determine on site 
Not Required 
Refrigeration at 4^0 
2 ml Zn -acetate/litre 
Refrigeration at 4°C 
24 hours 
06 hours 
07 days 
0 7 days. 
0 7 days 
24 hours 
24 hours 
No holding 
07 days 
07 days 
0 6 months 
06 months 
07 days 
07 days 
07 days 
0 7 days 
24 hours 
Table 9 
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ISI» ICMR and NTAC Water Quality Criteria for Public 
Health Supply: 
Characteristic ISI ICMR NTAC 
(ppm) (ppm) (ppm) 
C o l i f o r m 5 0 0 0 / 1 0 0 ml -
Cadmium - 0 . 0 1 0 . 0 1 
C h l o r i d e 6 0 0 - $ 250 
L e a d 0 . 1 0 . 0 1 0 . 0 5 
M a n g a n e s e - - 0 . 0 5 
C h r o m i u m 0 . 0 5 - 0 . 0 5 
Z i n c - - 5 . 0 
C o p p e r - - 1 . 0 
A r s e n i c 0 . 2 0 . 0 5 0 . 0 5 
N i t r a t e 5 - -
M e r c u r y - 0 . 0 0 1 
C y a n i d e - 0 . 0 5 
pH 6 . 9 - 6 . 8 5 
I S I = I n d i a n S t a n d a r d I n s t i t u t e 
ICMR = I n d i a n C o u n c i l o f M e d i c a l R e s e a r c h 
NTAC = N a t i o n a l T e c h n i c a l A d v i s o r y C o m m i t t e e 
T a b l e 10 
•121-
O.S. Public Health Drinking Water Standards' 
Chem. Charact. Upper limit (ppm) 
Pb 0 .1 
F 1.5 
Ar 0.05 
Se 0.05 
Cr 0.05 
Cu 3.0 
Fe X Mn 0.3 
Mg 12 3-: 
Zn 15 
Chloride 250 
Sulphate 250 
Phenole 0.001 
T.D.S. (desirable) 500 
T.S.S . (permitted) 1000 
Table 11 
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U.S. Environmental Protection Agency. Proposed Criteria 
for water quality used for irrigation, livestock Public 
Water Supply 
Characteristic Irrigatrion Livestock Public Supply 
(ppm) (ppm) (ppm) 
Cd 0.01 - 0.01 
cr 
CU 
Mn 
Ni 
Na 
Zn 
Chloride 
Hardness 
Disolved 
pH 
0.05 (20 yrs) 
0.1 ( " ) 
0 .20 
50.0 
10.0 ( " ) 
10.0 ( " ) 
0.20 
2.0 ( " ) 
no limit 
-
no limit 
-
-
4.5-9.0 
Table 12 
1.0 
0.5 
0.1 
0.2 
no 
" • 
-
25 
-
-
-
-
1 
0.05 
1.00 
0 .05 
0.05 
"• 
-
5 
250 
no 
-
5.0-9.0 
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Prescribed limits of Water Pollution By Rajasthan 
Pollution Control Board : 
Parameter Unit Prescribed limit 
pH 
Colour 
Temperature 
Total Suspended Solids 
Sulphide (as S) 
Total heridical chlorine 
(as CI) 
Flouride (as F) 
Copper (as Cu) 
Lead (as Pb) 
Nickel (as Ni) 
Zinc (as Zn) 
Phosphate (as P) 
Iron (as Fe) 
C.O.D. 
Arsanic (as As) 
B.O.D. 5 days, 20°C 
Oil and Grease 
Cadmium (as Cd) 
Mercury (as Hg) 
Selenium (as Se) 
Particle size of 
suspended solids 
5.5-9.0 
75 units on Platinum 
cobalt scales 
C C shall not exceed 40°C 
mg/lit 100 
2.0 
1.0 
2.0 
3.0 
0.1 
3.0 
5.0 
15.0 
3.0 
2 5.0 
0.2 
3 0 
10 . 
2.0 
0.01 
0.05 
" shall pass 850 micron 
Tablets 
